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Abstract
A new ternary Ni-base bulk metallic glass (BMG) system, Ni–Ta–Sn, was explored. There exists a wide BMG forming regime, in at.%, 33!
Ta!38 and 2!Sn!9 with cast BMG rods of at least 1 mm diameter. The crystallization temperature being among the highest in Ni-based
BMGs, 762–671 8C decreases with Sn content. These BMGs have wide super-cooled liquid region 57–61 K. They show high hardness, typically
HVw1000, and a compressive fracture strength 856–1192 MPa. The elastic strain limit is 0.0237–0.0266. The potentiodynamic studies in a
solution of 12 M HCl show a passivation current density about 0.18 A mK2 for Ni58Ta36Sn6 BMG in the anodic region revealing a good corrosion
resistance.
q 2006 Elsevier Ltd. All rights reserved.
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Bulk metallic glasses (BMGs) have attracted much attention
due to their unique properties such as excellent mechanical
(e.g. high hardness, yield strength, elastic strain limit),
magnetic, and electrochemical (corrosion resistance) proper-
ties associated with the short-range-order atomic structure of
amorphous phase. Since 1988, a large number of BMGs with
high glass forming ability (GFA) have been successfully
fabricated in multi-component systems, such as Zr- [1,2], La-
[3–5], Pd- [6], Mg- [7,8] and Al- [9] based amorphous alloys
produced by casting process. The varieties in component
elements of wide range atomic radii, electronic configurations,
and atomic numbers make feasible them unique for novel
applications. Ni-base multi-element systems with extra high
GFA were reported in Ni–Ti–Zr–(Si,Sn) [10], Ni–Nb–Ta–P
[11], Ni–Nb–Ti–Zr–Co–Cu [12] and Ni–Cu–Ti–Zr–Al [13]
with a maximum thickness 5 mm. More recently, simple
ternary Ni–Nb–Sn [14] ternary system revealed high thermal
stability and high yield strength. The objective of this study
aimed at exploring novel ternary Ni-base BMGs not yet being
reported. After a few preliminary trials, Ta and Sn were
selected for this purpose and new Ni–Ta–Sn BMGs with0966-9795/$ - see front matter q 2006 Elsevier Ltd. All rights reserved.
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good corrosion resistance were obtained and disclosed herein.
2. Experimental
The ternary Ni–Ta–Sn alloys were prepared by arc melting the
mixture of pure Ni, Ta, Sn metals in an argon atmosphere. The
alloys were re-melted at least six times to ensure homogeneity.
Amorphous ribbons were prepared by melt-spinning technique.
Bulk glassy rods with different diameters were prepared by
injection-casting into copper molds. The structure and phases of
the as-cast rods were examined by X-ray diffractometry (XRD)
with Cu Ka1 radiation. Thermal properties were determined by
differential thermal analysis (DTA) at a heating rate 0.33 K/s.
Vickers hardness of the bulk glassy samples was obtained by a
micro-Vicker hardness tester. The compressive tests were
performed by an Instron testing machine at a strain rate 1!
10K4 sK1 at room temperature and the size-gauge samples are
2 mm in diameter and 3.5 mm in height.
Potentiodynamic polarization measurements were conducted
under open air using a Pt counter electrode and a SCE reference
electrode in a three-electrode cell with a 12 M HCl aqueous
solution, and at a potential sweep rate of 50 mV minK1. Prior to
electrochemical studies, all sample were polished with SiC papers
to grit no. 1200, and examined with X-ray to avoid unanticipated
factors such as crystallization.
3. Results and discussion
This ternary Ni–Ta–Sn system shows a very good glass
forming ability (GFA). Figs. 1 and 2 show XRD patterns ofIntermetallics 14 (2006) 1075–1078www.elsevier.com/locate/intermet
Fig. 2. The XRD patterns of Ni94KxTaxSn6 as-cast rods, 2 mm in diameter.
Fig. 1. The XRD patterns of Ni64KxTa36Snx as-cast rods, 2 mm in diameter.
Fig. 3. Bulk glass forming regime in the Ni–Ta–Sn ternary alloy system.
Fig. 4. DTA curves of Ni64KxTa36Snx amorphous ribbons.
Fig. 5. DTA curves of Ni94TaySn6 amorphous ribbons.
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GFA with 2-mm amorphous rods as SnZ4–8 at 36 at.%Ta and
as TaZ34–36 at 6 at.%Sn content. The phases in the
crystallized rods mainly consist of the Ni–Ta and Ta–Sn
inter-metallic compounds.
Fig. 3 shows the whole bulk glass forming regime of the
alloys. It reveals that the Ni–Ta–Sn ternary alloys have a wide
composition range of BMGs. It is interesting to point out that
the alloy exhibits a GFA of 1 mm-rod capability at a very small
amount of Sn, only 2 at.%. This Ni–Ta–2Sn BMG can in fact
be recognized as a pseudo-binary bulk glassy alloy. The effects
of Ta and Sn contents on thermal properties have been
investigated by DTA analysis. Figs. 4 and 5 show the DTA
curves of Ni–Ta–Sn glassy alloys with different Ta and Sn
contents. The results reveal that both the glass transition
temperature (Tg) and crystallization temperature (Tx) gradually
decreases from 704 to 614 8C and 762 to 671 8C, respectively,
as the Sn content increases from 2 to 10 at.%. With the same Sn
content, 6 at.%, Tg and Tx increases to the maximum value of
662 and 723 8C, as TaZ36 at.%; then decreases at higher Ta
content. Both the melting and liquid points are higher than
Table 4
The mechanical properties of Ni–Ta–Sn BMGs
Alloy VH (kg/mm2) Elastic limit Fracture strength
(MPa)
Ni62Ta36Sn2 1002 – –
Ni60Ta36Sn4 1023 0.0250 1052
Ni58Ta36Sn6 1066 0.0237 1191
Ni56Ta36Sn8 984 0.0266 856
Ni60Ta34Sn6 996 0.0253 1004
Ni56Ta38Sn6 969 – –
Table 1
Thermal properties of Ni64KxTa36Snx glassy alloys
Alloy system :max (mm) Tg (8C) Tx (8C) DTx
Ni62Ta36Sn2 w1 704 762 58
Ni60Ta36Sn4 w2 689 746 57
Ni58Ta36Sn6 O2 662 723 61
Ni56Ta36Sn8 w2 638 696 58
Ni54Ta36Sn10 w0.5 614 671 57
Table 2
Thermal properties of Ni94TaySn6 glassy alloys
Alloy system :max (mm) Tg (8C) Tx (8C) DTx
Ni62Ta32Sn6 w0.5 647 704 57
Ni60Ta34Sn6 w2 658 720 62
Ni58Ta36Sn6 O2 662 723 61
Ni56Ta38Sn6 w2 658 721 63
Ni54Ta40Sn6 w0.5 652 713 61
Fig. 6. Compressive curves of Ni–Ta–Sn bulk glassy rods 2 mm in diameter.
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machine. The thermal properties were summarized in Tables 1
and 2. It shows that the widest super-cooled liquid region
(Tx–Tg) is about 61 K as SnZ6 at.%. The wide super-cooled
liquid region reveals a high resistance to crystallization leading
to the observed sound glass forming ability. On the other hand,
the variation in super-cooled liquid region shows no regular
change with Ta content at constant Sn content. Table 3 shows
the comparison of Tg and Tx with those of the other Ni-based
BMGs. Our system shows the highest crystallization tempera-
ture (704–762 8C) among the Ni-based BMGs with a same
heating rate of 0.33 K/s developed until now.
Fig. 6 shows the compressive test results of 2-mm-diameter
bulk glassy rods of four BMG alloys, Ni60Ta36Sn4, Ni58Ta36-
Sn6, Ni56Ta36Sn8 and Ni60Ta34Sn6. The mechanical properties
obtained from the hardness tester and compression tests are
included in Table 4. These alloys have fracture strengths 856–
1192 MPa, and elastic strain limits around 0.025. Ni58Ta36Sn6,
Ni60Ta36Sn4 and Ni60Ta34Sn6 have much higher strengths than
that of Ni56Ta36Sn8. They are attributed to the fall in Tg caused
by the small addition of Sn. Nevertheless, these values are
much lower than those previously reported in Ni-based BMGs.
The Ni–Ta–Sn BMGs are highly brittle while the fracture
orientation is along the long axis and perpendicular to the
loading surface, it may result in early fracture. This is much
similar to the premature failure known for Ni–Nb–Sn [14].Table 3
The comparison of Tg and Tx in various Ni-based BMGs
Alloy systems Tg (8C) Tx (8C)
Ni–Ta–Sn 647–704 704–762
Ni–Nb–Ta–P [11] 639–739 677–789
Ni–Cu–Ti–Zr–Al [13] 489–492 534–536
Ni–Nb–Sn [14] 608–622 642–670
Ni–Ti–Zr–Al [13] 488–510 529–559
Ni–Zr–Ti–Nb–Si–Sn [15] 548–569 604–617We also speculated that cast defects in our alloys may play
some roles in low compressive strengths.
Fig. 7 shows the polarization behavior of Ni58Ta36Sn6 BMG
rods (1 mm in diameter), measured versus SCE in 12 M HCl
aqueous solution, open to air at 25 8C. The polarization curve
of pure tantalum is also displayed to contrast with the Ni–Ta–
Sn BMG. In anodic region, the alloy spontaneously passivates.
After a potential larger than 0.3 V, a passivation current density
around 0.18 A mK2 is noted as being slightly lower than that ofFig. 7. Polarization curves of Ni58Ta36Sn6 bulk glassy rod, 1 mm in diameter,
and a piece of pure Ta which is also taken for comparison.
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about K0.13 V, being nobler than that of pure tantalum.4. Conclusions
Ternary Ni-base bulk metallic glasses were explored in the
Ni–Ta–Sn system. There exists a wide composition range of
glass forming ability, with formula Ni64KxTa36Snx (xZ2–9)
and Ni94KyTaySn6 (yZ33–38) showing BMGs with at least
1 mm in diameter. These new Ni–Ta–Sn BMGs exhibit a very
high thermal stability (the maximum crystallization tempera-
ture is 762 8C). The hardness of these BMGs is about 1000 HV.
The compressive strength and elastic strain limit are
1192 MPa, 0.0237 for Ni58Ta36Sn6 BMG and 856 MPa,
0.0266 for Ni56Ta36Sn8 BMG, respectively. The passivation
current density is typically about 0.18 A mK2 for the
Ni58Ta36Sn6 BMG, hence it is highly corrosion resistant. The
explored Ni–Ta–Sn BMGs thus are unique and may find
industrial applications where thermal stability and corrosion
resistance are solicited.Acknowledgements
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